-1 , depending on the age of the seals. Minima of length, mass, condition and blubber thickness were observed in May. Molting appears to be a period of high energy expenditures (3 to 5 SMR) despite the low levels of activity observed at this time. This study revealed that length also changes seasonally: fat seals in February were longer than lean seals of the same age in late April.
INTRODUCTION
Most pinnipeds display seasonal cycles of food ingestion and body size or condition. In particular, phocid seals accumulate energy reserves prior to reproduction (Sivertsen 1941 , Sergeant 1973 , Fedak & Anderson 1987 , Nilssen 1995 . Even though seals are well adapted to their aquatic environment, they must haul out on solid substrate, land or ice to give birth and to molt. As a result, their ability to forage during these periods is limited. Some species, such as the northern elephant seal Mirounga angustirostris and southern elephant seal M.
ABSTRACT: Pinnipeds have marked seasonal changes in body condition, accumulating energy reserves prior to the reproduction period, and depleting these reserves during the breeding and molting periods. This cycle is not well described in male harp seals Phoca groenlandica. We obtained morphometric measurements for 3167 Northwest Atlantic male harp seals sampled between 1979 and 1995. The part of the yearly cycle covered in this study (November to May) was divided into short blocks around median dates called 'periods'. For each period, a growth curve was calculated for body mass, sculp mass, core mass and standard length. These sequential growth curves were used to calculate changes in size-at-age between periods. In addition, seasonal changes in 3 condition indices (general, sculp and core condition), in blubber thickness and in the ratio of sculp to total mass were analyzed using locally weighted regressions. Male harp seals returned from their high-latitude feeding grounds heavier, in better condition, and with a thicker blubber layer than when they left the area in the spring. However, maxima in length, mass, condition and blubber thickness were not observed until the February 22 period (February 12 to March 4), or in the case of seals younger than 5 yr, sometime in March. Mass losses associated with the rut began between the periods February 22 and March 15 (March 5 to 25) and were most pronounced in seals older than 10 yr. About 66% of the losses in mass came from the core during this period. We estimated that males lost 39.4 kg during the rut (1.16 kg d -1 or 0.78% of initial mass d -1
, 44% from sculp and 56% from core) and incurred energy expenditures of 840 ). This corresponds to twice the standard metabolic rate (SMR), and suggests that males are feeding during the rut. All males lost mass in April, and again in May. They began to molt April 19 period (April 16 to 22). Fewer than half the seals had completed the shedding of old hair when the study ended, in the May 10 period. Rates of mass loss during the molt varied from 1 to 1.8 kg d leonina (Costa et al. 1986 , Deutsch et al. 1990 , Slip et al. 1992 , Hindell et al. 1994 ) and the gray seal Halichoerus grypus (Fedak & Anderson 1982 , Anderson & Harwood 1985 , fast completely and lose mass (although Baker et al. 1995 found evidence of feeding in ice-breeding female gray seals). Other species, such as the harbor seal Phoca vitulina and the harp seal Phoca groenlandica, may ingest some food, but are nevertheless in negative energy balance during the breeding period (Sergeant 1991 , Walker & Bowen 1993 , Nilssen 1995 .
Mass has a direct impact on the energy requirements of an animal because metabolism changes with body size (Brody 1964 , Kleiber 1975 , Schmidt-Nielsen 1984 . Seasonal changes in mass are a reflection of the ratio of energy ingested to energy requirements. Thus it is essential to know the mass of the individuals in a population, as well as any seasonal fluctuation in mass, to understand the energy requirements of a population of predators and their impact on populations of prey. Ideally, such knowledge should be combined with measures of metabolism, because the metabolism of seals alters according to their nutritional level (Markussen et al. 1992 , Boily & Lavigne 1995 , Markussen 1995 . There is also some evidence of seasonal changes in their basal metabolic rate, BMR , Rosen & Renouf 1995 , Boily 1996 , Boily & Lavigne 1997 , Hedd et al. 1997 .
The harp seal is the most abundant large piscivorous predator in the Northwest Atlantic. Numbering an estimated 4.5 to 4.8 million in 1994, this population could be increasing by 5% every year (Shelton et al. 1996) . Growth, and thus size at age, have been described (Innes et al. 1981 , but data from different times of the year were pooled, thus introducing seasonal variation as a confounding variable. Knowledge of the seasonal changes in body mass and condition is sketchy, especially for males and for immature individuals. Seasonal cycles in body mass are best studied by taking multiple measurements on known individuals through time. This is most easily done for species that spend extended periods of time on land, or return predictably to the same site several times a year. However, the harp seal has a pelagic lifestyle. Its breeding and molting periods are short, lasting about 1 mo each (Sivertsen 1941 , Sergeant 1965 , 1973 . Furthermore, they haul out on pack ice, the location of which varies between and within years (Sivertsen 1941 , Sergeant 1965 , 1973 . Therefore, longitudinal studies on harp seals in their natural habitat are available only for lactating females and for pups in the first few months of their life (Stewart & Lavigne 1984 , Oftedal et al. 1989 , Kovacs et al. 1991 , Lydersen & Kovacs 1993 , 1996 . There have been a few longitudinal studies with captive harp seals (Renouf et al. 1993 , Lager et al. 1994 ), but sample sizes were small, and there were differences in mass, blubber thickness and in the timing of events such as the molt between these seals and wild individuals.
By necessity, the study of seasonal cycles in mass and condition of harp seals relies on cross-sectional data or the measurements of different animals at different times. Sergeant (1973 Sergeant ( , 1991 described seasonal fluctuations in blubber thickness and condition of adult harp seals throughout the yearly cycle, but sample sizes were often small and no data on mass were given. Although indicative of the changes in energy reserves of harp seals, such indices do not allow direct calculation of the energy ingested or expended by seals. Beck et al. (1993) measured mass and body composition of harp seals, but their seasonal coverage was incomplete. Furthermore, with the exception of a few seals from Northern Quebec, their seals were sampled in the Gulf of St Lawrence, even though the bulk of the population overwinters off Newfoundland and Labrador.
We have collected data from a large sample of harp seals collected off Newfoundland and Labrador between November and May 1979 to 1995. In this paper, we describe seasonal cycles in length, body mass, sculp (skin and blubber) mass, core (lean carcass and viscera) mass, blubber thickness, condition and the ratio of sculp to total mass of male harp seals. We provide allometric equations relating total mass, sculp mass and core mass to body length at different times of the year. In a future paper, we shall do the same for females, and investigate possible inter-annual variations in size and condition. To reduce some of the biases often plaguing cross-sectional studies, such as variations in sample size and age distribution of samples from different time periods, we have expanded a technique first proposed by Wood et al. (1962) . These authors fitted growth curves to measurements obtained in spring, when black-tailed deer Odocoileus hemionus were lean, and in fall, when they were fat, thus improving the precision of their growth estimates, and gaining a novel way of quantifying seasonal changes. Seasonal changes in body mass of brown bears Ursus arctos have also been studied with growth curves (Kingsley et al. 1983 ). Here we take this technique one step further, computing growth curves over many short intervals to capture seasonal changes in size and in body composition that are not simple sinusoidal functions of date. An additional advantage of this technique is the ability to describe growth without the confounding effect of seasons.
MATERIALS AND METHODS

Data collection.
Male harp seals Phoca groenlandica were sampled off the coast of Labrador and the north-east coast of Newfoundland between 1979 and 1995. A few seals were also collected off the south and west coasts of Newfoundland (Fig. 1 ). Seals were collected by Department of Fisheries and Oceans researchers, commercial sealers, or as incidental catch in fishing gear. All seals were taken under a commercial or scientific permit and recorded as part of the total removals for the species. The majority of seals were shot and measured in the field, but samples from the Labrador coast (November and December) were caught in gillnets and frozen, being thawed before measurements were taken. Date, time, location, sex and pelage condition (hair loose or fast, determined by pulling on clumps of hair) were noted. Standard length (L, to the nearest 0.5 cm), total mass (M t , to the nearest kg for large individuals, and to the nearest 0.5 kg for smaller seals), axillary girth (G, to the nearest 0.5 cm), and blubber thickness (B, to the nearest 0.1 cm) were measured following the recommendations of the American Society of Mammalogists (1967) , except that B excluded the skin. M t was corrected for the mass of the stomach content, but not for blood loss in shot seals. The skin and blubber were removed together and weighed (M s , to the nearest 0.5 kg). Changes in sculp mass between time periods are interpreted as changes in blubber (fat) mass, and changes in skin mass are assumed to be negligible. Core mass (M c ) was calculated as the difference between M t and M s . Age was determined by counting dentinal annuli from a cross-section of a lower canine tooth (Bowen et al. 1983 ) and assuming seals were born on March 7 (Myers & Bowen 1989) .
To distinguish between measurement or transcription errors and valid extreme values, we looked for inconsistencies in the ways in which the morphometric variables varied together by calculating linear regressions between selected variables, such as M t and L (after logarithmic transformation) (Chabot et al. 1996) . Cases with a Studentized residual ≥ 3 SD were verified and corrected if needed, and those with a Studentized residual ≥ 4 SD (0.3% of the cases) were considered outliers and excluded from the analyses. We only retained seals collected after Day 316 (corresponding to November 12 on non-leap years) or before Day 140 (May 20), and for which age, L, M t , M s , G and B were all measured. Pups and newborns presented problems when fitting growth curves (see below); therefore individuals ≤ 0.5 yr were excluded. Additional data meeting these criteria were obtained for harp seals collected in the Gulf of St Lawrence , Innes et al. 1981 (Table 1) .
Two methods were used to study seasonal changes. In the first method, length and mass data were combined into short time periods based on sampling date. Growth curves were then computed for M t , M s , M c and L for each period. The duration of these periods was generally 3 wk, with 2 exceptions. Because mass changed rapidly in April and sample sizes were large, we combined data by week from Day 106 (April 16) to Day 119 (April 29), and because of small sample sizes, seals sampled between Day 358 (December 24) and Day 21 (January 21) (4 wk) were grouped together. The periods are described in Table 1 , along with corresponding dates and median date, assuming non-leap years. Thereafter we refer to the periods by their median date. Sample size for each time period and each sample are given in Table 1. In the second method, a general condition index was computed as the ratio (in %) of M t to M t (mass predicted from L according to the mass-length relationship derived in this study). Similarly, sculp and core conditions were computed as the ratio of M s to M s , and M c to M c , respectively. The ratio of M s to M t was also computed. Condition indices, B and the ratio of M s to M t for seals aged 1, 3, 5, 7, 10 and 15+ yr were then plotted against time, and fitted by locally weighted regressions (Cleveland 1979 , Synergy Software 2000 , using a weighing factor of 50%.
To calculate the energy equivalent of mass losses, we assumed 5% water content in harp seal blubber 27 Fig. 1 . Phoca groenlandica. Geographic distribution of the males collected over the entire study period (November to May, 1979 May, to 1995 . Grey circles: original data; black circles: data from Innes et al. (1981) and Hammill et al. (1995) ; size of circles represents sample size, with largest circles indicating greatest numbers. A sample of 23 seals from Innes et al. (1981) is not shown, but came from the Front at the beginning of the molting season, probably from around 51°25' N, 54°40' W (Beck et al. 1993 , and that only neutral lipids (39.8 MJ kg -1 , Lucas 1993) were used as fuel, as in harp seal pups (Worthy & Lavigne 1983b) . Hence, the energy equivalent of sculp was 37.8 MJ kg -1 . The core of harp seals is about 5% lipids , about half as much as for harp seal pups (Worthy & Lavigne 1983a ). Thus we assumed that the contribution of lipids per kg of core (3 MJ, or 75 g) was half that found for pups (Worthy & Lavigne 1983b) . We also assumed that lean mass was 70% water, and that protein catabolism produces 20.1 MJ kg -1 when urea is the end product (Paine 1971) . Therefore the energy equivalent of core mass is 8.6 MJ kg -1 . Statistical analyses. Gompertz growth curves of the form where S ∞ is asymptotic size, S 0 is size at birth, and K 0 is growth rate at birth, were fitted to M t , M s , M c , G and L for each time period using the NLIN procedure of SAS (SAS Institute Inc. 1989) . This reparameterization of the Gompertz equation by M. C. S. Kingsley makes the parameters easier to interpret biologically. Two other growth curves, the extended Richard's McLaren's (1993) version of the von Bertalanffy, were fitted to the data, and the degree of divergence between the 3 types of curves was used to diagnose problems with the fit or the data. The fits for the 3 growth curves were similar and only the Gompertz fits are shown in this paper. McLaren (1993) found it necessary to exclude all pups except newborns in fitting growth curves because of the rapid changes in size taking place during lactation and the postweaning fast found in most young pinnipeds. Because harp seals are born with virtually no blubber layer (Blix et al. 1979 , Worthy & Lavigne 1983a , Oftedal et al. 1996 , Chabot & Stenson 2000 , we excluded newborns as well, retaining only seals older than 6 mo. Attempts at including newborns or pups often resulted in divergences amongst the 3 types of growth curves, especially for S ∞ , and an underestimation of size at Ages 1 and 2 yr, because of a reduction in S 0 . As a consequence of excluding young seals, we did not interpret S 0 and K 0 as the true size or growth rate at birth.
During the February 22 and April 26 periods, when seals were in good and poor condition, respectively (see below), and sample sizes were good, growth is described in more detail for total body mass, and body length. Differences in growth curves between the 2 periods were examined by fitting a model that included period effects for each of the 3 main parameters (S ∞ , S 0 and K 0 ) using the NLIN procedure of SAS. The age at which growth was essentially complete in these 2 periods was estimated according to 2 techniques. Firstly, we calculated the age at which seals reached 95% of asymptotic size. Secondly, we calculated the age at which seals completed 95% of their growth, where growth was the difference between asymptotic size and observed birth size (L = 85.7 cm, M t = 9.24 kg: Chabot & Stenson 2000) . Regressions of L and M t on age were calculated for seals that met these growth criteria. If needed, one year class at a time was removed until the slopes were no longer significant.
In describing the rest of the seasonal cycle, differences in asymptotic size between time periods were assessed by checking whether or not 95% confidence intervals overlapped. The allometric relationship between masses (M t , M s and M c ) and L was calculated for each period by regression analysis, and the slope compared to the general slope for mammals (3: Peters 1983), using its 95% confidence interval. In the May 10 
RESULTS
Sequential growth curves
Gompertz growth curves were fitted to M t , M s , M c and L of Phoca groenlandica (Table 2) for each period. These curves fitted the data well, and the fitted line was at the center of the size distribution for seals at all ages (e.g. Fig. 2 ). Age explained a large proportion (50 to 86%) of the variance in size. The amount of scatter about the fitted lines was small: the SD of residuals was in the range of 10 to 14% of asymptotic size for mass, and 5 to 6% for length (Table 2) . Finally, the 3 types of growth curves (Gompertz, extended Richard's and von Bertalanffy) were virtually indistinguishable, except for the April 5 period. In general, the Gompertz fits are a good representation of growth and size-at-age in these seals.
There were 2 exceptions when growth curves were less satisfactory, because of truncated age distributions. Firstly, as mentioned above, the 3 types of growth curves diverged during the April 5 period despite high values of r 2 (0.52 to 0.70). This sample con- tained 20 seals that were 1 yr old, but only 9 that were ≥ 8 yr. We excluded values for males in the period of April 5 from statistical comparisons. Secondly, there were few seals aged 1 to 3 yr in the sample of January 7, and these appeared large compared with seals of the same age in the previous and following periods (Fig. 3) . The resulting growth curve for January 7 appears to overestimate the size of young seals.
In comparing the changes in M t estimated by the sequential growth curves to a locally weighted fit on the raw data (Fig. 3) , it is clear that estimated values track observations well, with the exceptions noted above. Fig. 3 also confirms that the time periods defined in this study allow us to track seasonal changes in size with a good resolution. Even though the 2 methods produced similar results for young animals, for which large samples were often available, locally weighted fits were based on small sample sizes in most periods for seals ≥ 10 yr, and growth curves were more reliable to estimate the size of older seals. Fig. 2 shows growth in L and M t of male harp seals for 2 periods: February 22 and April 26. Maximal or near maximal values of S ∞ for all variables were observed for the February 22 period, just before females began to give birth. L ∞ was 175.5 cm, whereas M t ∞ was 149.0 kg (Table 2) . Male harp seals reached 95% of their L ∞ at Age 8 and completed 95% of their growth in L at Age 10. However, growth in mass lasted a little longer, and seals reached 95% of M t ∞ and completed 95% of their growth in M t at Age 12. Regressions of L and M t stopped being significant when seals younger than Age 12 were excluded.
Growth of fat and lean harp seals
During the molting season in the April 26 period, male harp seals reached a length of 170.4 cm and a total mass of 102.6 kg ( Table 2) . They grew to 95% of their L ∞ at Age 7 and completed 95% of their growth in L at Age 9. However a significant regression between L and age was found until seals younger than Age 13 were excluded. Again growth in mass contin- . For April, a small amount of random noise was added to each variable to reduce the overlap arising from measurement roundoff (growth curves were calculated before adding noise). Pups younger than 6 mo are shown on the plots but were excluded from the computation of growth curves. Insets: comparison of growth curves between the 2 periods ued for approximately 2 yr after final length was attained, as males reached 95% of M t∞ and completed 95% of their growth in M t at Age 11. The regression between M t and age remained significant until seals <12 yr were excluded. Asymptotic values of M t , M s , M c and L were all significantly greater in the February 22 period than in the April 26 period. This seasonal effect was very pronounced for M t (42.4 kg), and 57% of the mass loss between these 2 periods came from the core and only 43% from the sculp. As a result, the sculp constituted a larger fraction of M t in the April 26 period (46.5%) than in the February 22 period (45.5%), even though seals were in worse condition in April than in February. Growth rate (K 0 ) was significantly reduced on April 26 compared with February 22 for M t and M c . The youngest seals did not differ much in size between the 2 periods, but the size of seals increased more rapidly with age in February than in April, as can be seen in Fig. 2 (inset) for M t .
Seasonal fluctuations
Length
Seals gained in length between their arrival in the study area, during the November 22 period and the February 22 period (Fig. 4a) 
Mass
Values of M t , M s and M c observed for the November 22 period were below those observed during the February 22 period (Fig. 4) . These differences were significant for S ∞ , and the gains occurred mostly in December. Males ≤ 10 yr gained mass more gradually than older males, and males ≤ 5 yr continued to gain mass until about mid-March. As explained previously, the apparent mass gain in young males on January 7, followed by a decline on February 1, is probably an artifact. Expressed as a percentage of M t for November 22, mass gains between the November 22 and February 22 periods increased with age up to about 5 yr and remained stable thereafter (Fig. 5a ). Sculp and core contributed about equally to mass gained during this interval. M t∞ , M s∞ and M c∞ decreased significantly between the February 22 and March 15 periods (Fig. 4) . Seals < 10 yr did not lose much mass, and very young seals even gained mass. Most losses were from the core during this interval (Fig. 5b) . Because the sample for the April 5 period was small and growth curves unreliable, we looked at changes in size between the March 15 and April 19 periods. All males lost mass during this interval, and the decreases in M t∞ , M s∞ and M c∞ were significant. Males lost about 15% of initial M t , almost equally from the sculp and the core (Fig. 5c) . M t∞ , M s∞ and M c∞ continued to decline significantly between the April 19 and April 26 periods (Fig. 4) . Older males (≥10 yr) lost mass at the highest rate observed in this study: about 1% of M t d the core (60%, Fig. 5d ). Younger seals, however, lost less mass in proportion to their size (5 and 7 yr) or even gained mass (≤ 3 yr). Males of all ages lost mass extensively between the April 26 and May 10 periods, when minimal values of M t , M s and M c were reached (Fig. 4) . Seals between 5 and 10 yr lost mass most quickly, but in proportion to their size, all seals ≤ 12 yr lost mass more quickly than old seals (Fig. 5e) . Losses of up to 1.8% of M t d -1 were estimated for seals aged 3 to 6 yr. Mass losses decreased to about 1% of M t d -1 for seals ≥ 20 yr. Most of the decline occurred in the sculp (60 and 75% in young and old seals, respectively).
All males gained mass between the May 10 and November 22 periods (Fig. 4) . M t∞ , M s∞ and M c∞ were significantly greater for the November 22 period than in early May. In proportion to their size, seals between 3 and 7 yr gained most in mass (more than 40% of M t , Fig. 5f ). Seals replenished energy stores mostly in their core tissues, as shown by the greater increase in M c than in M s . Table 3 gives the relationship between mass (M t , M s and M c ) and L for the entire study period and for each period. For M t , the slope was significantly less than 3 except for February 1 and April 5. For M c , the slope Condition, blubber thickness and ratio of sculp to total mass Male harp seals sampled in November were below their peak condition, which was reached in February for older seals, and in March for seals ≤ 5 yr (Fig. 6a) . Core condition was almost constant during this interval (Fig. 6c) , and improvements in sculp condition and blubber thickness, B (Fig. 6b,d ), were mostly responsible for the improving general condition. Therefore the sculp became an increasingly larger proportion of M t during this interval (Fig. 6e) . A decline in condition of older males commenced in late February. This decline continued at a constant rate until the end of the study period in May. In younger seals, no decrease in condition or B were observed until April, but the decreases were then faster than in older seals. The decline was faster in sculp than in core condition for seals of all ages. The minimum values for all 3 condition indices and B were observed in May for seals of all ages. The sculp continued to become a larger proportion of M t until the beginning of April, when this proportion started to decrease rapidly. The apparent increase in B between late April and mid-May for 10 yr old males, and the increase in core condition for 7 and 10 yr old males during the same interval, were not corroborated by the other variables (Fig. 6 ). They were probably the result of small sample sizes and non-representative individuals. All seals improved in general condition between May and November. Although sculp condition improved and B increased, core condition improved the most and was replenished almost to peak values. As a result, the ratio of M s to M t was lowest in November. The amplitude of these cycles for condition indices and B increased with age, but this was not the case for the ratio of M s to M t .
Allometric equations
Pelage condition
Male harp seals had a clearly marked seasonal pattern of pelage condition (Table 1) . Essentially all seals had fast hair from November through March. Pelage condition was measured for only 7 males in the April 5 period, and all had fast hair. A change came very suddenly in the April 19 period, when the vast majority of seals (682 out of 689, or 99%) had loose hair. All seals were molting in the April 26 period. Only in the May 10 period did we find seals that had completed their molt (46%: Table 1 ). There was a tendency for the proportion of molted seals to be lower in seals aged 1 and 2 yr ( 
DISCUSSION
Advantages of growth curves to describe seasonal cycles
In cross-sectional studies, seasonal variations in size for seals of a given age are usually difficult to measure because of inadequate sample sizes, especially in older seals. To solve this difficulty, seals of similar age are usually grouped together and mean size or condition is compared between seasons (Sivertsen 1941 , Sergeant 1973 , Beck et al. 1993 , Nilssen et al. 1997 ). This, however, can introduce bias if the age distribution within an age class is different for each season. Condition indices that correct for seal length reduce the impact of differences in age distribution between seasons, but do not eliminate it: 3 such indices were affected by age in this study on Phoca groenlandica. Even if one was interested in tracking seasonal changes only in mature seals, it is unclear which cutoff value should be used in defining mature seals, as we have shown that 3 estimates of the age at which growth stopped differed for the same variable in the This bias could be removed by selecting seals old enough to insure that growth was complete for all variables and all time periods. This, however, would greatly reduce sample sizes. Sequential growth curves take advantage of the information contained in the data from seals of all ages to estimate size-at-age. They make it possible to estimate size for individuals of any age, in any time period. The use of growth curves accounted for the effect of age, but not length, on seal size. While growth curves made use of information from seals of all ages, locally weighted regressions on condition indices, B and the ratio of M s to M t used information from seals of a given age sampled in adjacent time periods, making them a useful complement to the sequential growth curves.
Growth and seasonal fluctuations in length
Length is generally seen as the best measure of size to describe growth in pinnipeds (Laws 1959 , McLaren 1993 . But we have shown that the body length of harp seals is also subject to significant seasonal fluctuations. Possibly the shorter lengths at age (observed in April and May) could result from a sampling bias if low-quality individuals were sampled at this time. We do not believe this to be the case. Harp seals molt in a small number of large aggregations, and each year that molting seals were sampled, at least 1 of the major aggregations was sampled. Interestingly, Sivertsen (1941) observed a decline in length of 'saddle' (i.e. mature) Northeast (NE) Atlantic harp seal males from early March (175.3 cm, n = 39) to late April (171.9 cm, n = 39) and late May (166.7 cm, n = 6). He attributed this decline to inadequate sample sizes, but our results suggest the decline was real. The amplitude of the oscillation in length was 5.2 cm (about 3%) in our study, which is as much as the difference in length between male and female harp seals (Sivertsen 1941 , Kjellqwist et al. 1995 . Seasonal oscillations in length have been reported also for northern fur seals Callorhinus ursinus (McLaren 1993 , Trites & Bigg 1996 . The reasons for these fluctuations are not clear. Fisher (1954) mentioned that fatness could affect how the length of harp seals is measured: a thick blubber layer could result in a tightening of the skin which 'pulled in' the seals so that they did not stretch out as much when laid out on the ground. However the changes in length observed in the present study were in the opposite direction: there was a significant positive correlation between asymptotic L and M s . Fat northern fur seals were also longer than thin ones (Trites & Bigg 1996) . These authors suggested that body mass might exert more stress upon the vertebral column of a fat seal than of a thin seal, resulting in an apparent increase in L. It is also possible that length measurements of seals, which are greatly influenced by neck extension, are on average greater if an accumulation of blubber forces the neck to be more extended.
Pooling data from different seasons to compute growth in length of harp seals produces at best an average growth curve for all seasons, or at worst a growth curve that is biased by the distribution of the data. The comparison of growth in length between sexes or between studies, could be impaired if the seasonal coverage for each sex or each study differed. Thus we expected that L ∞ from other studies of northwest (NW) Atlantic male harp seals would fall between the extremes found in our own (175.5 and 170.4 cm in February and April). This was true for recent studies, which used growth curves. Thus L ∞ was estimated to be 169.9 cm for the late 1970s (Innes et al. 1981 ) and 170.4 cm for the period 1988 to 1992 . These values were not significantly different . They are close to our lower estimate, owing to the majority of seals having been sampled in March and April. Older studies obtained lower values. Mean length of old males was estimated to be between 158 and 161 cm in the 1950s (Fisher 1954 , Laws 1959 , and between 163.5 and 167.1 cm in the late 1960s (Sergeant 1991) . However, mean length will often underestimate L ∞ unless a large proportion of very old seals is included. In addition, these estimates were based on small (around 20) sample sizes. Khuzin (1963 , cited in Sergeant 1991 ) considered that harp seals from the White Sea were longer than those from the NW Atlantic. Sivertsen (1941) obtained a mean length of 172 cm for male 'saddle' harp seals collected in the White Sea between 1925 and 1937. Sergeant (1991) , correcting Khuzin's original measurements from the early 1960s, made along the curve of the back, calculated a mean standard length of 171.1 cm (n = 100). Table 4 . Phoca groenlandica. Number and proportion of male harp seals of different age classes that were molting or had completed their molt in the May 10 period. Age class as in Table 1 contention, but considering the small samples, especially for the NW Atlantic, and possible differences in seasonal coverage and age distribution between studies (all 'saddle' seals were usually considered 'mature'), this is not conclusive. Kjellqwist et al. (1995) calculated L ∞ for NE Atlantic male harp seals using growth curves. Their estimates of 174.1 cm for 1963 to 1972 and 165.8 cm for 1990 to 1993 (this difference was not significant) are not greater than our own. Therefore, a difference in length between these 2 populations remains to be demonstrated.
Seasonal changes in mass, condition, blubber thickness, and ratio of sculp to total mass
Fall and early winter
Male harp seals collected in November were below their peak in size, condition, and B, which were observed in late February or even later for young seals. Sergeant (1973) also reported gains in B and Smirnov's condition index between fall and winter, and Beck et al. (1993) reported increases in M t and M s between early winter and the whelping season. It is clear that harp seals feed in waters off southern Labrador and Newfoundland and in the Gulf of St Lawrence between November and late February. Hedd et al. (1997) suggested that the basal metabolic rate (BMR) of harp seals might be lower at this time, which would help seals gain mass. This must be interpreted with caution, however, because their captive harp seals tended to be much fatter than wild ones and did not display the same patterns of mass change as wild ones (see Renouf et al. 1993 .
Gains made during this period were distributed almost equally between sculp and core mass. However, increases in M c appeared to be a result of increasing length, because core condition did not increase as much as sculp condition, and the ratio of M s to M t increased markedly during this interval. By late February, M t∞ , M s∞ and M c∞ reached 149.0, 67.8 and 81.6 kg, respectively. These values are greater than those of Sergeant (1991, p. 25 ; M t = 130 kg) and Innes et al. (1981; 129.9, 61.5, and 70 .3 kg for M t∞ , M s∞ and M c∞ , in growth curves for both sexes combined), probably because these authors pooled seals sampled over several months.
Reproduction period
Males congregate in the whelping areas before whelping begins and produce a strong rank smell that has been associated with the rutting state (Sergeant 1965 (Sergeant , 1991 . The onset of sperm production can be as early as January (Fisher 1954) , and testicular size peaks in February and March (Miller et al. 1998) . We showed that males began to lose mass between the February 22 and March 15 periods, and that condition and B started to decrease before the end of February. Late February can therefore be considered the beginning of the rut in male harp seals from this population. Yet most females mated after March 19, after they had completed their 12 d nursing period (Kovacs & Lavigne 1985 , Ouellette & Ronald 1985 , Sivertsen 1941 , Sergeant 1991 . Thus males are in the rutting state and reduce their feed intake about 3 wk before most copulations take place, probably to insure that they can service females that whelp early or barren females that may come in estrus before reproducing females. Fisher (1954) observed a decline in spermatogenic activity after March 28 and suggested that this was the end of the mating season, or at least of the peak of the mating season. Therefore the rate of mass loss in breeding males probably diminishes at that time. Unfortunately we were unable to compute reliable growth curves during the April 5 period and assumed a linear rate of change of mass between the March 15 and April 19 periods. We did observe a steady rate of decline in condition over this interval, but this analysis also suffered from a small sample size in late March and early April.
Considering that Sergeant (1973) ; Reilly & Fedak 1991 , Walker & Bowen 1993 . Of these species, the behavior of male harbor seals is most similar to that of harp seals, and rates of mass loss appear similar.
The degree of mass loss is a reflection of reproductive effort in species which stop or reduce feeding during the breeding season. Because of interspecific differences in the ratio of lipids to proteins used as fuel (Worthy & Lavigne 1987 , Deutsch et al. 1990 , Walker & Bowen 1993 , similar rates of mass loss can translate into different rates of energy expenditure. Declines in sculp and core masses contributed 44 and 56%, respectively, to the decline in M t estimated for the breeding season. Therefore, males were producing 21.3 MJ for each kg they lost, and lipids provided 85% of this energy. This corresponds to 24.7 MJ d -1 , or 840 MJ for the breeding season. This is only 2 times the standard metabolic rate (SMR) as estimated from the general allometric relationship for mammals (Kleiber 1975) . This is a low value for the average daily metabolic rate (ADMR = SMR + cost of digestion, growth and activity), especially considering that males are very active at this time. They often swim rapidly, sometimes in pursuit of females, and fight frequently among each other or with females which are not ready to mate (Sivertsen 1941 , Nazarenko 1975 , Merdsoy et al. 1978 . Male harbor seals have a similar behavior during the breeding season (Sullivan 1981 , Thompson 1988 , Reilly & Fedak 1991 , Walker & Bowen 1993 . As a result, their metabolism can be as high as 6 times the BMR during the breeding period (Reilly & Fedak 1991) . This suggests that we underestimated mass losses due to breeding. This could be due to a regain in mass between the end of breeding and mid-April, since this would have increased mass for the April 19 period, which we used as an estimate of mass at the end of the breeding season. However, increases in mass or feeding intensity of males have never been documented for this time of the year, and rutting males could instead ingest significant quantities of food during the breeding season. It has been shown that nursing females do feed at this time (Stewart & Murie 1986 , Lydersen & Kovacs 1993 , 1996 , confirming that prey are available.
Very young males (1 and 3 yr), which are not sexually mature (Fisher 1954 , Miller et al. 1998 did not lose mass between the February 22 and March 15 periods, but were lighter in the April 19 period. We cannot ascertain when they lost mass, but our analysis of the changes in condition suggests that they did not lose mass until the end of March. This agrees with the findings of Walker & Bowen (1993) , who observed that subadult harbor seals did not lose mass during the breeding period. Males aged between 5 and 10 yr lost mass in the early part of the breeding season, and their condition declined markedly in March. These changes increased with age, probably because of the increasing rate of sexual maturity with age (Fisher 1954 , Miller et al. 1998 .
Changes in size and the condition indices appear to disagree for the breeding period. Losses in core mass were more important than those in sculp mass, yet core condition declined more slowly than sculp condition. This is because sculp mass was almost always less than core mass, and the indices involved the average sculp or core mass expected for a given length. Changes in mass that involved smaller changes in M s (in absolute terms) than in M c could therefore result in greater changes in sculp condition than in core condition. The ratio of M s to M t cannot be considered a condition index, however, because it can increase when energy reserves decrease, if M c decreases faster than M s , as was the case during the rut. The decreases in M c observed during the rut are nonetheless remarkable. They could constitute a mechanism for heat conservation when air temperatures are very low. Ryg et al. (1988) suggested that the best insulative value of blubber is obtained when the ratio of blubber thickness to body radius remains close to an optimal value, and thus reductions in blubber thickness should be accompanied by reduction in core radius.
Molting
Seals lost mass between the March 15 and April 19 periods, but we cannot discriminate between mass losses due to reproduction and those due to the molt, if any, for sexually mature seals. Very young males, however, were not likely to have been involved in reproduction, and yet they lost 7 to 15% of M t , mostly from the sculp, between March 15 and April 19. Sergeant (1965) reported that immature harp seals and mature males began their molt in late March. We only observed harp seals with loose hair after April 16 (first day of the April 19 period). We suggest that aggregations of male harp seals seen from late March to midApril are in pre-molt, a state in which hair loss has not yet started. Harp seals should be in negative energy balance at this time, because of the reduction in feeding opportunities due to the amount of time hauled out on ice (Sivertsen 1941 , Sergeant 1973 . It has been suggested that this behavior allows the skin to warm up sufficiently to permit the mitosis necessary for the growth of new hair (Feltz & Fay 1966) , without the high energetic demand that would be required to keep the skin warm while remaining in water (Boily 1995) .
The onset of molting was very sudden, for practically all males sampled in the April 19 and April 26 periods were losing hair. About half of them had completed their molt at the end of the study. A molting duration of 1 mo or more agrees with Sivertsen's (1941) findings for harp seals. Molting durations of 30 to 36 d have been reported for harbor seals (Reilly & Fedak 1991) , northern elephant seal females (Worthy et al. 1992) , and southern elephant seal males (Slip et al. 1992 ) between the April 26 and May 10 periods. Despite the stable or increasing mass between the April 19 and 26 periods, the condition of these young males deteriorated (in part because of a concurrent increase in length) and B decreased. These changes could reflect the late arrival at the molting patches of young males, possibly of larger size than average. It is known that in late April there is an influx of immature seals and old females to the molting patches already occupied by mature males (Sergeant 1965) . These young males arriving late appear delayed in their molt, because we observed a tendency for a lower proportion of young males than of older males to have completed their molt in the period of May 10. This is unlike harbor seals: reproducing males tend to molt later than nonreproducing males (Thompson & Rothery 1987) .
The uncertainties pertaining to the beginning and end of the molt made it impossible to determine the total decline in mass or the energy expenditure for the entire pre-molt and molting periods. However, it is clear that seals of all age groups experienced periods of high energy expenditure during the molt, despite the low activity levels, frequent sleep, and occasional feeding (Sergeant 1973 (Sergeant , 1991 that characterize this time of the year. The declines in mass measured between the April 26 and May 10 periods were equivalent to 22 MJ d -1 (4.2 × SMR) in the youngest males, more than 40 MJ d -1 (about 5 × SMR) in males aged 4 to 8 yr, and 30 MJ d -1 (3.2 × SMR) in old bulls. These high rates do not agree with the proposition that the molting period is one of relatively low energy expenditures in many phocids (Worthy 1990) . Evidence for this is conflicting. SMR decreases for part of the molt in harbor seals (Ashwell-Erikson et al. 1986 ). In contrast, SMR increases during the molt of juvenile and, to some extent, adult grey seals (Boily 1996 , Boily & Lavigne 1997 . Female northern elephant seals lose about 25% of their body mass during their 30 d of molting fast. This represents an ADMR of only 2 × SMR. Slip et al. (1992) also reported a low ADMR of 1.73 × SMR during the molt of southern elephant seals, and observed a mass loss of about 23% during the 36 d molting fast. However data from their Table 2 show that these males derived 290 MJ d -1 on average from body stores, which is 4 × SMR for mammals of this size (mean of 1487 kg). Furthermore, these molting males were losing mass faster (9.6 kg d : Deutsch et al. 1990 ). Clearly more work is needed before general conclusions on the energetics of molting phocids can be made. Even though our study included ample samples for many periods, it is clear that more data are needed in late March and early April, as well as May and early June, to better understand the molting cycle of harp seal bulls and to quantify the cost of breeding and molting. Furthermore, the pattern of pelage shedding and hair growth needs to be described in more detail, including not only whether or not hair is fast or loose, but also the extent (degree) of shedding.
Summer period
Most harp seals migrate to Arctic waters during the summer months (Sergeant 1965 , Stenson & Sjare 1997 , where they are reported to feed (Finley et al. 1990 , Sergeant 1991 . Although no data from the summer period were included in this study, it does not appear that they become very fat, considering that most harp seals shot in high-latitude waters in summer sink (Sergeant 1991) . Nevertheless, male harp seals do gain mass during the summer, for they return to the study area heavier, in better condition, and with a thicker blubber layer than when they left in May. Rates of mass gains were very low, however, possibly because harp seals accomplish 2 long migrations between May and November. In absolute terms, males of intermediate age (8 to 12 yr) gained the most mass. They must accumulate the energy reserves necessary for breeding the following winter, in addition to completing their growth. In proportion to their size, males from 4 to 7 yr experienced the most important gains (> 40% M t ). In summer, harp seals replenish the energy stores in their core faster than those in their blubber.
We have shown that male harp seals from this population reach their maximum size and condition in February. Northeast Atlantic harp seals, on the other hand, attain peak values of B and M s (as estimated by the index of Ryg et al. 1990 ) while still on their high-latitude feeding grounds in September and October (Nilssen et al. 1997) . The difference between the 2 populations could be related to migration distance, since NW Atlantic harp seals migrate over 25 to 30°of latitude (3000 to 4000 km) (Finley et al. 1990 , Sergeant 1991 , whereas NE Atlantic harp seals migrate over only 15°of latitude (Nilssen et al. 1997) . Such a large difference in migration distance may have an impact on harp seals in different ways. It is likely that NE Atlantic harp seals spend less time migrating and more time feeding on their summer grounds than their NW Atlantic counterparts. Seals from both populations can be seen in Arctic waters from mid-June to October (Finley et al. 1990 , Nilssen et al. 1997 ), but little is known of the time spent feeding at high latitudes by individual seals. The migration itself could affect the condition of harp seals, depending on the cost of locomotion and on feeding opportunities during migration. NW Atlantic harp seals are known to feed during the southward migration, which lasts approximately from October to December (Sergeant 1991) , but too little is known on the intensity of feeding and the cost of locomotion to estimate the energy balance of migrating harp seals. Recent evidence from satellite telemetry that some seals accomplish the migration both ways twice in the same year (Stenson & Sjare 1997) suggests that locomotion is not very costly for these animals. New samples of migrating and summering individuals are needed to quantify the timing and amplitude of mass gains and changes in body composition in summer and fall.
